Abstract. Strain rate sensitivity and dynamic mechanical properties of polymeric materials are affected to a certain extent especially by the rate of loading. However, there is limited number of works reported on that particular issue. Therefore, the paper presents on static and dynamic mechanical properties of various polymeric materials across strain rate from 10 -2 to 10 -3 s -1 . The specimen were tested using universal testing machine (UTM) for static loading and a conventional split Hopkinson pressure bar (SHPB) apparatus for dynamic loading. From the results, the compression modulus and compressive strength of all tested specimen increased significantly with increasing strain rates. In addition, positive increment in terms of strain rate sensitivity was recorded for all tested polymers over a wide range of strain rate investigated. Meanwhile, the thermal activation volume has decreased as increasing strain rate. Of the three polymers, polypropylene shows the highest strain rate sensitivity at static region. On the other hand, at dynamic region, polycarbonate shows the highest strain rate sensitivity than that of polypropylene and polyethylene.
Introduction
Dynamic mechanical properties of polymeric materials under high loading rates have received an extraordinary attention for past few decades [1] [2] [3] . This particular phenomenon is related with the natural ability of the polymeric materials which can provide a good balance between impact resistance and production cost and weight [4] . Recently, polymeric materials have been used in various engineering applications, such as automotive and structural components, which may be subjected to dynamic loading. Hence it is very crucial to investigate the performance of the polymeric material under high strain rates condition in order to avoid any unexpected failure during services. High strain-rate behaviour of various polymeric materials has been reported by several researchers [5] [6] [7] . However, the difficulty to perform high strain rate testing still remains as a major challenge in dynamic characterisation of polymeric materials. Therefore, in the present paper, an experiment technique based on the compression split Hopkinson pressure bar technique was introduced to perform high rate compression testing of various polymeric materials. Meanwhile, universal testing machine was used to perform low strain rate testing. Three common polymeric materials have been used in this study which is polyethylene (PE), polypropylene (PP) and polycarbonate (PC). For comparison purpose, stiffness and strength properties of all tested polymers were characterised under both static and dynamic loading conditions. In addition, the strain rate sensitivity of flow stresses and thermal activation volume of various polymers were also determined over a wide range of strain rate investigated.
Experimental Details
Materials and Sample Preparation. Three common polymeric materials which are Polyethylene (PE), Polypropylene (PP) and Polycarbonate (PC) were chosen for static and dynamic compression testing at room temperature. PE (HI-2081) and PP (PX-617) were supplied by Titan Chemicals Corp. Bhd. Meanwhile, PC (PC-088) was obtained from Polymer Technology and Services, LLC. Cylindrical specimens were fabricated by the hot compression technique. The specimen pellets were compression moulded in an electrically heated hydraulic press, using the button mould, into sizes of 12 mm diameter and 27 mm thickness, for both static and dynamic testing, respectively.
Static Compression Test. A slenderness ratio (l/d) of compression specimen was reported to give significant influence to the frictional effects during static testing, where ASTM Designation E9-89 was highly recommended for the slenderness ratio of polymeric materials, as well as metallic materials [8] [9] . Therefore, the specimen length was cut, based on ASTM Designation E9-89, where the l/d (d =12mm) of the specimen, was approximately 1.5. In this study, the specimens were tested under constant crosshead speeds of 10.8 mm/min and 108 mm/min, corresponding to the strain rates of 0.01 x 10 -3 s -1 and 0.1 x 10 -3 s -1 , respectively, using an Axial-Torsion Universal Testing Machine. In order to reduce the frictional constraint during the test, a thin film of lubricant was applied at both of the specimen's interfaces.Five measurements were taken for each loading rates to quantify the average behaviour of each specimen.
Dynamic Compression Test. In SHPB testing, the specimen geometry is one of the vital requirements which need to be considered. Thus, the issue of specimen geometry, especially thickness, was actively debated by the previous researchers [10] [11] [12] . However, the majority of experts agreed that the thickness effect was not due to wave propagation effects in the specimen, but more on the radial inertia and friction considerations [8, [13] [14] . Therefore, the tests reliability is highly related to the slenderness ratio of the specimen, rather than the specimen's thickness. In this experiment, the slenderness ratio used was based on previous studies, which was 0.5 [8] [9] 11] . Therefore, the specimen length was created, so that the l/d (d =12 mm) value was equal to 0.5. Similar to the static test, five measurements were performed for each loading rates in order to determine the average dynamic behaviour of all specimens.
Result and Discussion
Strength and Stiffness Properties. Stiffness and strength properties are the best statistical indicator to evaluate the performance of the materials. Therefore, the compression modulus and ultimate compressive strength (UCS) were carried out and demonstrated in Fig. 1 and Fig. 2 , respectively. From the graphs in Fig. 1 and Fig. 2 , it is clearly shows that the compression modulus as well as compressive strength was significantly increased with increasing strain rates. The increment in compression modulus was closely related with the secondary molecular processes where an increasing strain rates decreases the mobility of polymer chains, thus make the polymeric material stiffen [9] . On the other hand, the enhancement of the compressive strength was attributed by the shifting of the molecular relaxation for polymeric materials during impact, as previously reported by [15] [16] . Accumulated heat during high strain rates loading has slightly altered the shifting of the glass transition for polymeric materials where at low strain rate (static), the polymeric materials is near rubbery-like regime, whereas at high rates, it has transformed to fully leathery regime, where intermolecular interaction in the amorphous region begin to pose significant resistant to deformation. Therefore, all polymeric materials become stronger as increasing strain rates (from static to dynamic loading). Quantitatively, PC has recorded highest compression modulus and ultimate compressive strength values than that of PP and PE over a wide range of strain rate investigated.
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Composite Science and Technology Fig. 1 The compression modulus of various polymers under low and high strain rate loadings.
Fig. 2 The compressive strength of various polymers under low and high strain rate loadings
Strain Rate Sensitivity and Thermal Activation Volume. Each material reacts differently under various loading condition. The magnitude of the changed can be directly measured using several methods. For example, the sensitivity of flow stresses can be measured by using strain rate sensitivity parameter. However, strain rate sensitivity is always presented in terms of stress-strain
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curves, which show the effect of strain rates on the proportion of materials, such as Young's modulus, strength, flow stress etc. In real world, it is always useful if the strain rate sensitivity can be carried out in terms of values in order to easily compare the materials. Therefore, in this study the strain rate sensitivity of the polymeric material was based on the definition of strain rate sensitivity, which can be expressed as follows [15] : 2 1 ln( / )
Where σ 1 and σ 2 is the flow stress at the fixed strain (in this case, the strain used is 0.025) under different strain rates. Alternatively, there is a way to relate the strain rate sensitivity with thermal activation volume of the material as previously reported by [17] .Therefore, the derivation of the thermal activation volume, taking into account the strain rate sensitivity, can be expressed as follows [15, 17] :
Where k is the Boltzmann Constant and T is the absolute temperature. All calculated strain rate sensitivities and thermal activation volumes of each sample, have been grouped in Table 3 .
From Table 1 , the strain rate sensitivity of all polymeric specimens increased as the range of strain rate increased. In addition, PP has recorded highest level of strain rate sensitivity in static and quasi-static region (static to dynamic) as compared to PE and PC. However, at dynamic region of strain rate investigated, PC displays highest strain rate sensitivity than that of PP and PE. On the other hand, the thermal activation volume of each specimen was decreased significantly with an increasing strain rate. Overall, PE has recorded the highest amount of thermal activation volume for all tested loading rates as compared to others. Theoretically, in polymeric material, thermal activation volume corresponding to the localized motions of segment or possibly side group of polymer chains [18] . Hence, at high strain rate where the mobility of the molecular chain was restricted, it will indirectly contribute to the higher thermal activation volume. Meanwhile, at low strain rate, the entanglement of the polymer chains has increase thus, decrease the thermal activation volume. ε = 0.025
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Summary
Static and dynamic testing on the three different polymeric materials have been successfully performed at different levels of strain rate up to nearly 1100 s -1 using the conventional universal testing machine and the Split Hopkinson Pressure Bar apparatus, respectively. From the results, the following conclusion can be drawn:
• The mechanical properties of all tested polymeric show great dependency on the strain rate applied. The compression modulus and compressive strength of all tested specimens were proportionally increased as the strain rate increased.
• The strain rate sensitivity and the thermal activation volume of the PE, PP and PC were successfully measured. The strain rate sensitivity of all polymeric specimens was significantly increased with increasing strain rate, whereas the thermal activation values show contradictory trend.
